The existing body of literature on particle transport by turbulent flow has concentrated on the nI
The problems of orientation, deformation, and motion dx dx, of flexible and slender particles in turbulent flow arise in areas such as drag reduction" 2 by threads of concentrated We need to derive an equation for the evolution of th, with polyer oluionsor y sspened ibes an invarous time. Such an equation can be obtained by taking the subpolymer solutions or by suspended fibers and in various sata eiaieo q 1. 
assumptions regarding the turbulence, such as that the strain Dt field is white, or Gaussian, or two dimensional, or weak, all can be seen to be an expression for the relative motion of which would permit solutions of the classical form, but between adjacent points on ds in terms of the rotation of ds none of which is particularly realistic when applied to turbuand a stretching along ds. It should be noted that when the lence. The type of modeling that we propose avoids making two-fluid model is used to describe particle transport in a assumptions of this type.
carrier fluid, Eq. (2) is the equation for the evolution of In this article, we do not develop a general model; rathparticle orientation. er, we seek a situation that can be used to calibrate an equaEquation (2) is somewhat complicated by the requiretion for the evolution of particle orientation, which is one ment that A, be a unit vector, which is responsible for the last part of a general two-fluid model for the transport of threadterm in the equation. We could, of course, work with the like suspended particles. We present here the part dealing unnormalized vector, which would make modeling somewith particle orientation, specialized for a particular set of what easier. In the full problem, however, the normalized circumstances. The specialization corresponds to the limit of vector A, appears very often in the momentum equations. negligible inertia, perfect flexibility, and perfect extensibility Using the unnormalized vector would simplify Eq. (2) and of the particles. In this limit, the problem of particle orientagreatly complicate all the other equations. We feel that the tion in turbulent flow reduces to a study of the orientation of use of the normalized vector produces the greatest overall material lines in turbulent flow. The effect of turbulence on simplicity. material lines and surfaces has been theoretically 4 and exNow 2, and u, are decomposed into their means A, and perimentally'" considered in previous investigations. In parand U, and their fluctuations 2." and ul as follows: ticular, the angular dispersion of fluid lines has been experi-
mentally studied' by introducing lines of hydrogen bubbles in the nearly isotropic turbulence behind a grid. We propose u, = U, + u:.
(5) a simple model for the dispersion which is shown to be conOn squaring and averaging Eq. (4), we obtain sistent with the experimental results.
I =A,A, + A 'A2.
(6) II. MODEL Thus, although 2, is a unit vector, A, is not a unit vector.
Let us denote a differential element of the fluid line by ds
In the case of the problem when both the turbulence and which has components dx,. The orientation of ds is given by the suspended matter are homogeneous and there is no mean the unit vector A whose components are shear, the averaged form of Eq. (2) reduces to 
initial condition for Eq. (14) is
The third-order correlations in curly braces in Eq. (7) may A(1 = 0) 1.
be dropped if we assume that the fluid line statistics are joint normal. We assume the carrier fluid turbulence to be iso-IM. RESULTS tropic; hence we expect the remaining correlations in Eq.
In the experimental setup,' the flow was in the one-di-(7) to be axisymmetric around A,. We also assume that the rection, with the lines introduced initially in the two-direcfluid lines are initially aligned in a particular direction; hence tion, as shown in Fig. 1 . The results of that experiment were all the correlations must be 0 at t = 0. Eventually the turbupresented as a plot of (0-)(t *), where (0)2 is the varilence completely destroys the orientation of the fluid lines ance of 0, (see Fig. 1 ). The independent variable in the exand therefore the correlations must also tend to 0 as t-c. m From Eq. (6) it can be seen that the magnitude of A ' is perimental plot wasn n which represents time normalized in (I -A2)" 2 whre 
and when A-0, which occurs as t-do. Furthermore, in Eq. Equation (14), along with itsinitial condition (15), was (7) we assume that there is a time scale associated with the solved analytically for A 2 (t). In order to compare the model second-order correlations in square brackets and another with experimental data we need an expression for (03)2 in time scale corresponding to the third-order correlation in terms of A 2 . We can write parentheses.
The above considerations lead to the following models 
tWt-_*lulieor where t is the time elapsed in seconds after the introduction of the material lines into the flow.
Substituting Eqs. (12) 
